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THE IRRIGATION OF OATS 
By 
F. S. HARRIS and D.\V. PITTMAN 
. It is well known to farmers that the oat plant is more 
sensitive to the moisture condition of the soil than are many of 
the other farm crops. For this reason oats find favor as an 
irrigated crop, since under irrigation the supply of water can be 
so easily controlled. 
In order to secure the best results, it becomes necessary to 
know as much as possible about the moisture requirements of the 
various crops that are to be irrigated. This is particularly true 
of oats on account of their sensitiyeness. The farmer should 
know at which period in the life of the plant it requires moisture 
as well as the approximate total water requirements for the 
growing season. 
It is impossible to give any definite rules that would apply for 
the irrigation of any crop under all conditions. The kind of 
soil, the rainfall, the temperature, the winds, and several other 
factors must be considered in deciding when to irrigate and how 
much water to apply. It is not supposed that the experiments 
reported in this bulletin can be taken as the last word under all 
conditions; they must simply be used as a guide to help the 
farmer in working out methods of irrigating for the conditions 
in which he finds himself. The experiments, it is believed, show 
some fundamental characters of the oat plant, the knowledge of 
which should be helpful no matter in what situation the farmer 
finds himself. 
LITERATURE REVIEW 
The important literature on the moisture relations of the 
cereals has been reviewed in a previous publication (a) on the 
irrigation of wheat. Many of the experiments reported in that 
r;eview contained data on oats as well as on wheat. Since that 
bulletin is still available for those who wish to go fully into the 
question, there will be no attempt to make the present review 
complete. 
Von Seelhorst and his associates working in Germany have 
for many years studied the water requirements of oats. He (b) 
found that any condition which was favorable to rapid growth on 
the part of the oat plant tended toward economy in the use of 
(a) Harris, F. S., "The Irrigation of Wheat." Utah Sta. Bul. No. 146 
(1916). 
(b) Seelhorst, C. VOJ;l, "The Water Requirements of the Oat Plant 
under Different Soil Moisture and .of Manuring." Jour. Landw., 47 (1899) 
pp. 369-378. 
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water in proportion to the dry matter produced. Later he and 
Krzymowski (c) investigated the stages in the oat plant when 
its yield was most affected by high or low soil moisture. The test 
was divided into two series, the first being kept dry in the 
beginning and watered later and tQe second being kept moist 
at first but dry in later stages. In the first series the checks 
received no water and in the second they were supplied with 
moisture during the entire period of the test. 
The results showed that when water was supplied in the first 
series beginning with July 1, the increase in total yield was 275 
per cent; beginning with June 15, 48.8; June 1, 103.2; May 15, 
136.3; and May 1, 178.9. The corresponding increases in yield of 
grain were 21.4, 40.1, 107.0, 126.3, and 158.7 per cent. In the 
second series in which the water was discontinued on these dates 
the total yield based on the check test as 100 per cent was as 
follows: July 1, 85.8 per cent; June 15,67.3; June 1, 52.3; .May 
. 15, 44.3 and May 1, 41.3 per cent. The corresponding yields of 
grain amounted to 74.4, 62.3, 48.6, 44.8 and 40.8 per cent of the 
yield of the check tests. These tests show the importance of 
moisture during the early stages of growth of oats, which 
corresponds to the findings reported in the present bulletin. 
Fleming (d) working in Wyoming found that for oats the 
largest returns for each acre-inch of water were obtained when 
16.59 inches of water were applied during the season. 
Workers at the Nevada Station (e) as a result of experiments 
extending over several years found the best yields with a total of 
between one and two acre-feet throughout the season with two 
irrigations before heading and two after. 
Knoor (f) as a result of a study of fall irrigation at Scotts-
bluff, Nebraska, showed the importance on the yield of oats of · 
having an abundant supply of moisture in the soil early in the 
season. 
(c) Seelhorst, C. von and Krzymowski, "The Influence of Soil Moisture 
on the Development of Oats at Different Stages of Growth." Jour. Landw . f 
53 (1905) pp. 357-370. 
(d) Fleming, B. P., "The Duty of Water." Wyom ing Sta.· Bul. No. 
67 (1905). 
(e) True, G. H., "Duty of Water." Nevada Sta. Bul. No. 66 (1908). 
Kennedy, P. B. and True, G. H., "Nevada Field Crop 
Experiments." Nevada Sta. Bul. No. 73% (1910). 
True, G. H., "Duty of Water." Nevada Sta. Ann. Rpt. 1911, pp. 
27-30. 
True, G. H., "Irrigation Experiment." Nevada Sta. Ann. Rpt., 
1913, pp; 17. 
Knight, C. S., "Irrigation Expts. with Wheat and Oats." Nevada 
Sta. Ann. Rpt., 1914. pp. 30-33. 
(f) ~norr, F., "Experiments with Crops under Fall rrigation at the 
Scottsbluff Reclamation Project Experiment Farm, U. S. Dept. of Agr. 
Bul. No. 133. (1914). 
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Welch (g) after several years experiments concluded, that at 
Gooding, Idaho, oats require approximately one and three-fourths 
acre-feet of water during the season for their best growth. 
Sanborn (h) showed that the time of applying irrigation 
water has a decided e.ffect on the ratio of oat straw to grain. 
Water applied too early was found not to give such good results 
as when applied later. 
Widtsoe (i) ' and his associates working on a shallow bench 
soil obtained a higher .yield of oats when 30 acre-inches of water 
were applied than with either more or less. The highest 
proportion of grain in relation to straw was obtained w4en about 
15 acre-inches were used. 
Later (j) and more extensive experiments conducted on the 
deep soil at Greenville yielded important information regarding 
the water requirements of oats. Since these have been rather 
thoroughly reviewed (Utah Sta. Bu!. No. 146) they will not be 
discus'sed in detail at present. The important facts brought out 
were that water is used more economically when not used in two 
large ' quantities. The highest yield of oats to the acre was 
produced with 20 inches of irrigation water. This treatment 
gave a yield of 80.70 bushels, whereas 15 inches gave 71.54 
bushels and 45 inches gave 79.06 bushels of grain to the acre. 
DESCRIPTION OF THE EXPERIMENT 
The experimental work reported in this bulletin was 
conducted on the Greenville Experimental Farm two miles north 
of Logan, Cache County, Utah. The soil of this farm has been 
described in detail in previous publications of this Station. 
(Utah Sta. Bu!. No. 115). It is a uniform loam to considerable 
depth and carries about 22 per cent of moisture as a maximum 
under field conditions. The plats were 29 feet wide by 57 , feet 
long; this gives an area of 1-26.35 of an acre in each plat 
exclusive of a seven foot space between each. 
The water was measured by means of a Cippiletti weir and 
taken to the land in wooden flumes where it was added to the 
grain by the flooding method. All of the water was retained on 
the plats by banks around the edges. To a number of plats, 
(g) Welch, J. S ., "Experiments with Small Grains under Irrigation." 
Idaho Sta. Bul. No. 93. (1917). 
(h) Sanborn, J. W., "Early vs. Late Irrigation." Utah Sta. Bul. No. 
23. (1893) and "Irrigation; Early, Late and Usual." Utah Sta. Bul. No. 
27, (1894). 
(i) Widtsoe, J. A., et al., "Irrigation Investigations in 1901." Utah 
Sta. Bul. No. 80, (1902). 
(j) Widtsoe, J. A. and Merrill, L. A., "The Yields of Crops With 
Different Quantities of Irrigation Water." Utah Sta. Bul. No. 117. 
(1912). (Also See Utah Sta. Bulletins Nos. 115, 116, 118, 119, and 120). 
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water was added each week during the .growing season, but the 
'time of applying water to most of the plats depended on the stage 
of development of the plants. 
The crop growth was divided into four stages as follows: first, ' 
the stage when five leaves had developed-and the plants were six 
or eight inches high; second, the early boot stage when the 
plants were just swelling preparatory to heading; third, the 
bloom; and fourth, when the plants were in the dough stage. 
A five-inch irrigation was used as a standard at these stages. 
An application of this amount was given at each stage, at each 
two stages, at each three stages, and at all of the four stages, 
thus giving a number of different combina~ions. It is possible, 
therefore, from the results obtained to determine which stages 
are best when either one, two or three irrigations are used. 
In the weekly irrigations, one plat received 1 inch, another 
2lj2 inches, another 5 inches, and another 7112 inches of water 
each week during the season, beginning when the grain was five 
or six inches high and continuing until it began to turn yellow. 
During 1916 and 1917 three plats were manured at the rate 
of 5, 15, and 40 tons to the acre respectively each year. These 
were all given 2112 inches of irrigation water each. 
The experiment . was begun in 1916 and carried through 1917 
and 1918. 
PRECIPIT ATION 
The precipitation during the years of the experiment is shown 
in Table 1. These figures are given for the fall and winter 
preceding the growing season and for the growing season, rather 
than for the calendar year in order to get a truer effect of the 
rainfall on the crop. 
Table l.,-Precipittation by Mo nths During the E xperiment at 
Logan. 1916-1918 
Month 1915-16 I 191-6-17 I 1917-18 I Av. 3 yrs. 1 Av.'91 to'15 
September .......... 3.44 .10 1.34 1.63 I 1.25 
October .. -- --- ------- - .05 3.78 .07 1.30 I 1.38 
November ...... _-_ ........ 1.37 .80 .77 .98 I 1.28 
December .... _--_ .. .. _- .78 2.89 .65 1.44 I 1.00 
January -_ .. .... -..... __ ..... 2.61 .91 3.15 
I 
2.22 I i.75 
February ......... .. . 2.62 4.51 2.33 3.15 I 1.37 
March .............. _---_ ........ 2 .17 1.88 1.80 1.95 I 1.98 
April 
-----------_ .. -.. -- .. 
1.73 2.84 .80 1.79 I 1.66 
May 
.. ---_ ...... -----------. 
.91 4.21 1.82 2.31 I 2.27 
June --_ ...... __ ........ __ ...... - .88 .48 .44 .60 
I 
.93 
July ...... .. ........ _----_ .. -- .. .08 I 
. .48 1.44 
I 
.57 .62 
August .. _--- ---_ ...... -.. .20 .00 .36 .19 I .68 
Total ............. . 16.84 22.88 14.67 18.13 16.17 
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It will be noted that the precipitation for the years of the 
experiment averaged slightly over 18 inches. This was sufficient 
to saturate the soil to considerable depth in the spririg before the 
crop ~as plan ted. 
Over a large part of the state where the winter precipitation 
is small this condition may be secured by fall, winter, or early 
spring irrigation. 
II Grain ~Slraw 
teT a 6 15 45 
Fig. I.-Yield of oat grain and straw on plats receIvmg 
different quantities of irriga tion water weekly. 
YIELD OF CROP 
The important consideration in finding the value of any 
method of irrigation is the yield of the crop. - This is given in 
Figs. 1 and 2, wherein the yields of grain and straw are shown 
graphically. The exact figures on which these graphs are based 
are found in the appendix. 
In Fig. 1 the plats receiving weekly irrigations of 1, 21/ 2, 5, 
and 71/ 2 inches of water are shown in comparison with an 
unirrigated plat. Water was applied each week during the six 
weeks of the irrigation season giving a total of 6, 15, 30, and 45 
inches respectiyely. 
It will be noted that the highest total yield of grain was 
secured with 30 inches of wat.er-but the yield was only slightly 
higher than with 15 inches. F-orty-five inches gave a ~ower 
yield than 15 inches and only a slightly higher one than 6 inches. 
An examination of Fig. 2 shows some interesting results on 
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the effect of the stage in the growth of the plant when the water 
was applied. The lowest yield was secured on the plat that was 
irrigated after the crop was planted and before it was up. This 
same result was secured with wheat, sugar beets, and potatoes. 
(Utah Sta. Bul. Nos. 146, 156, and 157) . 
• G.yain Q Straw 
Fig. 2.-Yield of oat grain and straw on plats receiving various 
quantities of irrigation water at different stages. 
When the oats were watered but once the best results were 
secured if the water were applied at the five-leaf stage. The 
next best time was at early boot. The im!>ortance of these two 
early stages is seen in all the tests "in which they wer e included. 
The highest yield in this part of the experiment was obtained 
with an irrigation of 15 inches applied in th!'ee irrigations of 5 
'inches each at the five-leaf, the boot, and the boom stages. This 
treatment gave an average of 79 bushe1s to the acre for the three-
years. One year the yield was 102.1 bushels. Where 15 inches 
were applied in weekly irrigations of 21;2 inches the average yield 
of grain was 76.9. The yield where 30 inches were applied iIi six. 
weekly irrigations of 5 inches each gave an average yield of 79.9 
bushels or less than one bushel more than the treatment which 
received only three irrigations given at the best time. This would 
not pay for the extra cost of irrigating. ' 
This shows clearly the importance of irrigating at the right 
period in the growth of the' crop as well as supplying' the right 
amount of water. .~ : 
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The ratio of straw to grain is affected very materially by the 
method of irrigation which must be taken into consideration 
where the straw finds any large use; but ordinarily the yield of 
grain is the important -fact to be kept in mind. 
40 
56 
J2. 
2f 
24- s: 
~ Q.. 
'"() 
~ ~ 
Total 
WaTer o 6 /5 45 
Fig. 3.- Height of oat plants and number of culms per square yard on 
plats receiving different quantities of irrigation water weekly 
Fig. 4.-Height of oat plants and number of culms per square 
yard on plats receiving, various quantities of irrigation 
water at different stages. 
- ' 
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HEIGHT OF PLANTS AND TILLEHING 
In order to determine as accurately as possible the height of 
plants, three sections one yard square 'were taken in different 
parts of each plat. The height of every plant in these squares 
was determined and the averages calculated. The results are 
given in Figs. 3 and 4 whk'l show considerable difference. On the 
plats receiving weekly irrigations the plants were about the same 
height, regardless of the amount of water applied. All the 
irrigated plants in this series were higher than the un irrigated. 
Fig. 4 on the other hand shows that some of the irrigated plats 
did not produce plants that were as high as the unirrigated. The 
reason for this is not clear. ./ 
The tillering represented by the number of culms to the 
square yard is also shown in Figs.-3 and 4. The greatest amount 
of tillering took place with an application of five inches of water 
weekly. 
• Len9!h ofpanicle ~ Wei~hf of I<~rnels 
Total o 15" 30" 45" 
Fig. 5.-Length of head in centimeters, and weight of 1000 kernels 
of oats in grams on plats receiving different quantities 
of irrigation water weekly. 
KIND OF GRAIN 
The weight of oat grains is an important point to be 
considered in the study of oats because it varies so widely. The 
hull may be of almost normal size and at the same time contain 
a very small kernel of grain. In the experiment the average 
weight of 1,000 kernels was determined in each case and the 
results are shown in Figs. 5 and 6. On the plats receiving weekly 
irrigations the heaviest kernels were produced by the largest . 
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irrigation. Part of the irrigated plats produced lighter kernels 
than were produced ,without irrigation. The heaviest kernels of 
all were produced with one irrigation at the second stage and the 
lightest with one irrigation at the third stage. The differences 
in any case, however, were not large enough to be of great 
importance . 
• DQ.n/cle m KernG./S 
Fig. 6.-Length of head in centimeters and weight of 100 kernels 
of oats in grams on plats receiving various quantities 
of irrigation water at different stages. 
NATURE OF HEAD 
The length of panicle is seen from Figs. 5 and 6 to bear some 
relation to ,the yield of grain although the relation is not absolute. 
The longest panicles were produced with· 2V2 inches of water 
weekly and the shortest with 5 inches of water applied at the last 
two stages . . 
Figures 7 and 8 show the number of spiklets per head and the 
number of kernels per head. These vary widely although they 
-seem to bear a decided relation to' yield. 
D AYS TO MATURE 
The number of days required to mature is important in some 
sections where the growing se'ason is too short to insure the 
maturing of the crop. The number of days required for the crop 
to mature was, therefore, determined and is shown graphically in 
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Figs. 9 and· 10. In every case the crop was ripened earlier where 
no water was applied. This is a fact well known to farmers who 
each year see dry-farm crops mature a week or two earlier than 
. SpiKele1J ~ Kerllels 
Tolal o 6 
Fig. 7.- Number of spikelets and number of kernels per head of oats on 
plats r eceiving different quantities of irrigation water weekly. 
Fig. S.-Number of spikelets and number of kernels per head of 
oats on plats receiving various quantities of irrigation 
water at different stages. . 
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their nearby crops on irrigated farms. The period of irrigation 
as well as the amount applied affect the time of ripening. 
Irrigation at the last two stages seemed to be most effective in 
lengthening the growing period. 
1.. 
120 
10 
None 
~ Total o /5" 30" 
Fig. 9.-Days for oats to mature on plats l ..:,celvmg different 
quantities of irrigation water weekly. 
EFFECT OF MANURE 
Figure 11 gives the results for the three manur ed plats in 
comr arison with that r eceiving no manure. The highest yield of 
grain was produced with 15 tons of manure to the acre. Where 
40 t ns were applied the oats gr ew rank and lodged. The higher't 
yield of straw on the other hand w s produced with the highest 
manuring. The ratio of straw to grain is seen to be very much 
higher as the amount of manure was increased. If the oat str.:.w 
.were an important item, heavy manuring might be justified, but 
ordinarly it would not. be. . 
YIELD FOR EACH ACRE-INCH OF WATER 
Over most of the irrigated area there is more land than water, 
so that the chief consideration is to produce as much as possible 
with the limited supply of water. Ma~imum economy direc~s 
toward a limited application of water~ - That is,--if- there-is plenty 
of land that does not proQuce c~ops unless iq'jga-tion wa~er is 
• 
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applied, it is possible to get a greater production by spreading the 
water over a rather large area and thereby taking advantage of 
the natural precipitation. This is illustrated in Fig. 12, which 
shows the total yield produced by spreading 20 acre-inches of 
water over 1, 1Y3 , 2, and 4 acres of land. The total yield from 
/ 
'n 
-. - _. r -
4#- t- f- r- f- l- f- l- I- f- -- I- l- I-
Cl> 
s... 
:> 
-~I-
E 
0 ~ 
! 
1-- '- ~ '- '-- '- - L- I- ~ 
_ L-
'- '--
~ 0 5' S ~. S 110 ",;; I/~ ~P' Iii Iii Ilf lIS 12() 
! iT 
'l I I I iii I ~ 
3 iJ a I Ij t III 
I-
m 2 ~ . f- f-~ I ~ :~ I I ~ tr. 
Fig. 10.-Days for 'oats to mature on plats receiving various quantities 
of irrigation water at different stages. 
II Gram ~ Stra.,. 
Tons Tons Tons Tons 
Fig. l1.-Effect of manure on yield of oats , grain and straw. 
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the one acre is about 70 bushels, whereas that from the four 
acres is over 200 bushels. In the latter case the yield to the acre 
of land is less, but the yield to the acre-inch of water is greater. 
This same idea is brought out in Fig. 13, which shows the number 
of bushels of grain and the tons of straw produced for each acre-
~ Straw Ii Water 
ill 
20l\crelnches 
over lacre 
20 Acre Inches 
20 Acrelnche'> 20l\crelnche$ over4 acres 
011 er 2 acres over Ilj acres 
Fig. 12.-Amount of oats produced b y twenty acre-inches of water 
when applied to one acre, one and one-third acres, 
two acres, and four acres of land. 
II Gram ~ StrafN 
~ 5.'1nches ~ IQJnches 15;Jnches 2ainches ~--------~----------~----------~----------~ 
~~ig. 13.-Yield of grain and straw for each inch of water on plats 
receiving different quantities of irrigation water weekly. 
16 BULLETIN N O. 1 67 
inch of water when 5, 10, 15, and 20 acre inches were applied 
during the season. It will be noted that the heavier the irrigation 
the less efficient is the' water. 
II GY~in , _ . ~ Stl'a~ 
8'0 
70 
60 
50.s: 
~ 
~ 
~ ~ 
~ 
~ :..::: ~ 
" 1.-
Total 0 6 " J 5" 30" 45" <v ~ 
Fig. 14.- Percentage of the yield of oat grain and straw produced 
by natural precipitation with different quantities . 
of irrigation water weekly. 
PRODUCING VALUE OF NATURAL PRECIPITATION 
Figures 14 and 15 show the important part played by the 
natural precipitation in the production of the oat crop in this 
climate. In nearly every case over 70 per cent of the crop was 
produced by the rainfall. This was determined by using the yield 
of the unir rigated plat as a standard and computing what per 
cent this is of the yield of each of the other plats. Wher.e little 
irrigation water was applied ther e was the m ost efficient use of 
this rainfall as well as of the irrigation water. It is also 
noticeable that when irrigation is withheld till the later stages of 
the plant's growth a larger per cent of the yield is produced by 
the natural precipitation. This was to be expected since it has 
been shown that it is the water available to the plant at its earlier 
periods of growth that is of value in producing a high yield. 
THE IRRIGATION OF OATS 
Fig. 15.-Percentage of the yield of oat grain and straw produced by 
natural pecipitation on plats receiving various quantities of 
irrigation water at different stages. 
S MMARY 
17 
1. It is important to study the water requirements of oats, 
because this crop is unusu'ally s ~msitive to the mo'sture conditions 
of the soil. 
2. A partial review of the literature on the subj ect is given. 
3. Results of three years' work at the Greenville (North 
Logan) experimental farm are reported. 
4. Of the plats watered weekly that receiving 5 inches each 
week for 6 weeks gave the highest yield. This was the highest 
yield of all but was less than a bushel higher than the next which 
reCeived only 15 inches of water. 
5. Of the plats receiving pater at various stages of the crop 
growth, the highest yield was produced on that receiving three 
5-inch irrigations-one at the 5 leaf stage, one at the early boot 
stage, and one in the bloom stage. 
6. Where only one irrigation was given the best time to give 
it was at the five-leaf stage. 
7. Where two irrigations were given the five-leaf and the 
boot stages were best. 
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8. Where only one of the four irrigations was omitted the 
hard dough stage was the best to omit. 
9. Omitting either the third or fourth stages or both gave 
a higher yield of grain than when all four irrigations were 
applied. 
10. In general the first irrIgations were of most value to the 
crop; the second came next. 
11. Water applied after the grain was planted and before it 
was up decreased the yield. 
12. The ratio ·of grain to straw, the height of plants, the 
amount of tillering, the weight of the kernels, and the size of the 
head were all influenced by the irrigation treatment. 
13. Irrigation always retarded maturity especially when 
applied at the later stages of growth. 
14. Manure in small quantities increased the yield of grain 
but with large amounts the lodging was so bad that much grain 
was lost. Manure greatly increased the yield of straw. 
15. Twenty acre-inC'hes of water spread over four acres of 
land produced over three times as much oats as where it was all 
used on one acre. . 
16. Under climatic conditions of Logan, the natural 
precipitation was sufficient to produce over 70 per cent of the 
maximum yield. 
17. These experiments show that under the conditions 
reported the best systeln of irrigating oats is to apply three 
irrigations of about five inches each, beginning when the grain 
is six or eight inches high and stopping about the time it is in 
blossom. 
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APPENDIX 
Detailed Data Regarding -Crop on Each Plat for Each of the 
Three Years of the Experiment. 
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.... Irrigation Treatment 
Z 
Yield of Grain 
(bu. Acre) Yield of straw (tons acre) 
? 1 9 1 61 191 71 191~ I L~~~ 1916 I 1917 I ]1,18 I A;:;:. 
23111 in. w~ekly ...... ... ... ........ I 82.4 151.1 161.8 165.1 11.52811.015 1.054 1.199 
2% in. weekly .. .... ....... 1101.356.0 ' 73.376.911.7521.0281.2511.343 
5 in. weekly .. . ., ... _______ .,.' \106.2 55.2 78.2 79.9 1.752 1.015 1.396 1.387 
41 7% in. weekly ... __ _______ ___ . 99.6 51.9 71.6 74.3 1.779 .922 1.330 1.343 
51 No irrigation ...... ---... . --- .. 1 44 .5 47.8 44.5 45.6 .909 .712 .658 .759 
6
7
1 5 in. "\Vatering up . __ __ ._ ... __ . 36.2 41.2 37.9 38.4 .632 .619 .632 .627 
5 in. at 5-leaf st. ... _. __ .... _ 88.1 49.4 50.2 62.5 1.502/ .712 .764 .993 
9
81 5 in. at early boot ." .. ' ... '. 66.7 43.6 45.3 51.9 1.278 .672 .949 .966 
5 in. at bloom ...... .. _......... 49.4 37.1 53.5 46.7 1.107/ .606 .619 .777 
10 1 5 in. at dough .. ............ 44.5 51.9 52.7 49.7 .909 .909 .909 .909 
11 1 5 in. at 1, 2, 3, 4 st._ ..... .. 93.9 47.7 62.6 68.11.700 1 .856 1.067 1.207 
12 1 5 in. at 2,3,4, st .... . _... .... 87.3 48.6 66.7 67.5 1.607 1 .909\1.199 1.238 
13 1 5 in. at 1,3,4, sL ... _.. ..... 86.5 47.8 64.2 66.2 1.5551 .764 1.093 1.137 
141 5 in at 1,2,4.7 st. __ __ . ___ . 100 .5 56.8 70.0 75.8 1.713 .909 11.26411.295 
15 1 5 in. at 1, 2, 3, st. ........ 102.1 60.1 74.9 79.0 11.700 1.17311.226 1.366 
16 1 5 in. at 1, 2 st. ... ......... .. .. 92.2 55.2 61.8 69.7 1 .988 1 .936 .935 .953 
171 5 in. at 2, 3 st..... .. ... ....... 73.3 47.8 154.4 58.5 11.173 1.2911 .895 1.119 
181 5 in. at 3,4 st. .. .. ............ 62.6 39.5 52.7 51.6f1.278 .6721 .922 .957 
19 1 5 ~n. at 1, 4 st. ... _ .. ....... . I 69.2 54.4 63.4 162.3 [1.278 .936 .870 11.028 
20 1 5 m. at 1, 3 st. .- ... .. ..... -... I 73.3 155.3 164.2 164 .211.370 1.015 1.0011.128 
Average ................................ 1 77.9149.9160.2162.611.3751 .8831 .988 11.086 
Culms per sq. yd. Days to mature ~ I Height of Plants (in.) I 
1
1916 r 19l7 1 191 8 1Aver· 1 1916 / 191 7 / 1918 J AVf' r·11916 \ 191 7 \ 1918 I Aver· 
age age 1 age 
11 . .... 134.4 30.5 31.1 32.0 141. 192. 174. 168. 1125. 104. 1120. 1116.3 
21 ..... 134.7 28.8 33.1 32.2 180. 216. 183. 192. 1125. 104. 117. 1115.3 
31 ..... 134.927.732.131.6234. 243. 186. 222' 1125. 105. 122.
j
117.3 
4\" ... 135.6 27.9 32.0 31.8 174. 228. 183. 195. 125. 105. 122. 117.3 
51 .. .... 25.7 23.3 32.0 127.0 180. 198. 174. 183. 112. 103. 118. 111.0 
6\ ..... 121.8 121.7 21.1121.5 126. 1165. 156. 150. /112. 103. 118. 1111.0 
71 .. ... _130.2124.4 28.1 27.6 216. 198. 135. 1181. 115. 103. 118. 112.0 
81 ..... 127.3 22.2 24.0 24.5 201. 201. 174. 1192' 1119. 106. 120. 1115.0 
9) ...... 124.2 20.8 24.1 123.0 204. 195. 144. 1180. 118. 104. 120. 1113.0 
101 .... 124.3 24.9 22.0 23.7 189. 186. 1168 . 180. 112. 104. 1120. 1112.0 
111 .- -. 136.5 27.1 128 .1 130.6 228. 159. 1138. 174. 1126. 106. 1122. 118.0 
13 .... 28.3 24.1 27.1126.5 225. 129. /144. 1165. [126. 1106. 122. 1118.0 
12 .... 30.6 24.0 27.1 27.1 225. 156. 165. 1183. 1130. 1108. 122 . 120.0 
14 .... 32.6 28.0 30.0 30;2 177. 135. 1165. 1159. 1125. 105. 122. 1117.3 
15 .... 33.7 28.3 31.0131.0 204. 219. 171. 198. 1125. 105. 122. \117.3 
16 .... 31.7 28.4 27.0 29.0 183. 189. 174'1183. 125. 105. 117. 115.6 
17 .... 29.1 23.1 26.9 29.0 192. 321. 168. 198. 1126. 108. 117. 1117.0 
18 .... 127.0 21.7 25.1 124.6 150. 174. 183. 168. 1133. 108. 122. 1121.0 
191 .. '.130.4 25.6 27.0 127.7\174. 1141. 1144. 1153. 1119. 1104. 117. 1113.3 
20 .... 31.5 25.9 28.8128.4 144. 1153. 1162. 1153. 1119. 1104. 120. 114.3 
Aver'geI30.2125.4127 .9127 .91187 .31185.41164.511 7 8.81122.11105.01119.91 115.6 
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~ I Weight per1000Kernels i Length Panicle-em. 1 No. spikelets per head 
F 11916 \ 191711918 h,~~'- 1 1916119 17\ 1 9 1 8 \ AaV;:'-1 1916]1917 [1918 h:;:'-
1 ________ .... 127.7 129.3 130.3 \29.1 \20.6 16.5 23.2 20.1 130.70 127.12 38.80 \32.20 
2 . _____ .... _. 27.8 29.1 128.2 28.3 ,20.4 16.5 37.8 24.9 129.00 25.98 34.52 27.83 
3 . __ ..... ___ . 28.2 31.1 30.0 29.8 19.1 20.2 22.0 20.4 27.30 33.70 35.98 32.32 
4 ._. ___ __ .. _. 27.0 41.2 30.0 32.7 20.0 18.6 21.2 19.9 28.40 27.28 34.44 30.04 
5 ... __ .. _ ... _. 25.6 36.6 30.6 30.9 18.6 16.6 20.2 18.5 28.30 26.16 37.68 30.71 
6 .. ___ . __ ..... 125.4 36.6 27.5 29.8 18.115.9 18.6
1
17.5 26.30 24.58 31.89 27.59 
7 ... _._ .. ..... 25.9 3'6.2 30.5 30.8 19.0 21.5 20.9 18.3 26.50 35.16 36.64 32.76 
8 . _______ . ____ 25.3 40.2 36.0 3,3.8 19.116.6 19.3 18.7 26.30 25.81 31.08 \27.73 
9 . ___ _________ 123.7 36.5 25.0 25.118.5 15.0 20.0 17.8 26.00 22.47 32.01 26.82 
10 \ ._ .. _______ . 122.7 35.2 130.7 29.5 18.8 17.9 19.7 18.8 125.00 \32.36 131.79 33.05 
11 _______ . ____ . 28.7 37.6 130.2 23.2 19.2 16 .8121.119 .0 /24.30 25.68 /39.15 29.11 12 1 _____ . _____ . 28.7 27.0 j27.2 27.6 20. 5 1 8.5 20.4 18.8 24 .60 127.46 30.13 27.39 
13 : _____ _____ . 28.3 38.6 27.0 31.3 20.4 17.0 20.7 19.4 33 .7 0 26.6 8\ 35 .22 31:86 
14 ____ __ ____ __ 28 .1 38.1 27.0 31..119 .7 19.3 18.6 19.2 26.50 33.07 31.49 30.35 
15 26.6 39.6 26.3 30.8 19 .8 17 .1 23.4 20.1 27.50 32.33 147.75 35.86 
16 26.2 40.4 27.8 31.4 19.116.5 20.5 18.7 27.10 26.6119.31 24.34 
17 26.136.726 .229.7 19.9 \1 6.6 18. 8 1 8.4 29.90 33.29 39.5734.25 
18 25.5 38.0 28.2 3 0.6 18.5 16.2 17.8 17 .5 27.60 22.92132.04 27.52 
19 26.3 38.8 27.2' 30.8 20 .117.1 20.2 19.1 30.40 33.12 46.44 36.65 
201 ____ __ . __ ___ 25 .1 40.2 \28.6 \31.3 20.1 jI6 .2 18.9 18.4 29.00 29 .98 36.80 31.92 
Av~rage ___ _ 26.4 36.3 28. 73 0.3 19.4 17.3 20.6 19.2 27.67 28. 58 135.13 /30.54 
I o. of Kernels per head 
---:;::P'-;-la---'t7'1 ----;-1-1916 1 1917 1 -:;-1 ;:;-:91:;-;8:;---....,-;- :---------
- --- 1 1 ___ ___ 1 59.'5-0--45.83 69.11 
2 ______ 57.90 60.86 60.86 
3 I I 54.10 59.75 67.47 
4 :::: :: 53.90 49.19 64 .02 
5 1 ------ I 55 .90 50.67 69.29 
6 1 51.40 40.82 61.15 
78 :::::: 51.60 68.22 70 .07 
49 .80 45.83 59.40 
9 48.80 37.78 61.43 
10 48.60 60.90 63.78 
11 46.90 48.83 74.45 
12 49.00 56.55 58.20 
13 66.90 47.80 67.39 
14 __ ____ I 50.80 64.34 63.57 
1 5 1_ -_-_-_-_-_- 1" 5 4 . 0 0 6 1. 3 4 8 2 . 5 5 
16 . 52 .20 48.91 81.91 
17 1 ------ 1 57. 90 62.72 79.03 
18 1 1 52.50 42.02 19 ' :::::: 59.20 63.84 
20 56.40 49.89 
Average I 53.86 53.30 
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